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ABSTRACT
Five types of non-sulfur purple bacteria, which differed from one
another in their pigment content, were exposed to ultraviolet radiation
while in various environments and physiological states. The resulting
effects upon their respiration and photosynthesis were observed by mano-
metric methods. Tentative conclusions were that carotenoid pigments do
not protect cells from inactivation by ultraviolet (protein-absorbed)
radiation and that the observed effects do involve indirect action.
Absorption spectra of the five types of bacteria, obtained in a
medium which minimized light scattering, are presented.
The writers express their sincere appreciation to Dr. Roderick K.
Clayton, under whose direction this research was accomplished, for his
instructions and patient assistance, and to their own families who have
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TABLE OF SYMBOLS AND ABBREVIATIONS
cent. - centigrade
deg. - degree
h - height of manometer fluid in divisions
K - manometer vessel constant in microliters per division
lit. - liter
M - molar






Q - rate of oxygen uptake in microliters per milligram-hour at
2 standard conditions
Rh rubrum - Rhodospirillum rubrum
Rh spheroides - Rhodopseudomonas spheroides
sec. - seconds
v - volume in milliliters
Li\ - microliters
P - density in milligrams per milliliter

1. Introduction.
The carotenoid pigments which accompany chlorophyll or bacterio-
chlorophyll in the photosynthetic apparatus of phototrophs have been
shown by BLINKS, CLAYTON, and others to be capable of absorbing light
used for photosynthesis in some organisms but not in all the organisms
which have been examined. /I, 2, 3/. . MANTEN /4/ and CLAYTON /2/ showed
that the predominant carotenoid pigment of Rhodospir ilium rubrum (see
Appendix I), absorbs phototactically active light.
Recent observations of the photosynthetic bacterium, Rhodopseudomonas
spheroides (see Appendix I) have lead STANIER and his colleagues to the
conclusion that a more universal role of carotenoid pigments is the pro-
tection of the cell from photodynamic destruction by chlorophyll (or
bacteriochlorophyll), the principal light absorbing pigment. /5, 6/. This
conclusion was based largely upon the observation that the combination
of visible light and air (but neither light nor air separately) had a
killing effect upon a blue-green mutant of Rh-spheroides (in which the
carotenoid pigments were replaced by phytoene), but had no such effect
upon the wild variety of Rh-spheroides which contained carotenoids.
CALVIN 111 pointed out that the mechanism for sensitizing oxidation
as formulated by SCHENK /8/ has been used by others for accounting for
a variety of photo-oxidations sensitized by porphyrins. It involves the
transition of the first excited singlet state of the porphyrin into a
-3
long-lived (longer than 10 sec.) triplet state. This triplet state is
then presumed to combine with the paramagnetic oxygen molecule to form a
reactive peroxide. The reactive peroxide can transfer its oxygen to a




CALVIN 111 cites evidence 19/ that precisely such a process of
_2
absorption and transition to a long-lived (longer than 10 sec.) state
by chlorophyll takes place in the plastids of photosynthetic organisms,
and he suggests that the normal function of carotenoids would be one
of the following steps:
(1) in the conversion of the long-lived electronic chlorophyll




(2) in the succeeding separation of these agents by a process
of conduction in the conjugate chain; or (3) as a coenzyme
in the conversion of the oxidant initially formed (to oxygen
in the green plant or to oxidize the hydrogen donor in the
photosynthetic bacteria). In performing any of these energeti-
cally useful functions it would, of course, inhibit the photo-
synthetic oxidation of such essential sensitive cell constituents
as disulphides and mercaptans . An apparently alternative mech-
anism for the "protection" would be for the carotenoid to act
as "most favored" oxygen acceptor from the reactive peroxide.
This would require a reductive process for the regeneration
of carotenoid, and it might even be a process yielding energy,
in which case it would correspond to the third possibility
mentioned above.
2. Objective.
Dr. RODERICK K.. CLAYTON of the United States Naval Postgraduate
School has suggested (verbally) that the small ratio of carotenoid mole-
cules to chlorophyll molecules makes the direct transfer of energy from
chlorophyll to carotenoid an unlikely mechanism for the protection by
carotenoids. He further pointed out that germicidal ultraviolet radia-
tion between 240 myu,and 280 mju. would be absorbed largely by proteins,
peptide linkages, amino acids, and nucliec acids, but very little by
bacteriochlorophyll. In the hope of better understanding the function
of carotenoid pigments by learning whether they can protect cells from
destruction by ultraviolet radiation, this research was undertaken under
Dr. CLAYTON'S direction.
The plan for this study was to prepare cultures of bacteria of five
2

types: two containing bacteriochlorophyll and carotenoid pigments, two
with little or no pigments, and one with bacteriochlorophyll, but no
carotenoids. These were to be exposed to varied doses of germicidal ly
effective ultraviolet radiation under conditions of varied oxygen supply,
and some were to be exposed in the presence of protective agents. Radia-
tion damage was to be assayed by means of its effects upon respiration.
Other factors to be investigated were catalase content and the absorption
spectra of the cells. At the suggestion of Dr. C. B. van NIEL of the
Hopkins Marine Station of Stanford University, it was further planned to
observe the effects of ultraviolet radiation upon photosynthesizing
bacteria.
The catalase assay was to be used as a control to exclude the pos-
sibility that gross differences in the initial catalase content of the
cells could account for differences in radiosensitivity . Much work has
been done in investigating catalase /10/. The catalase assay was also to
indicate whether or not the catalase in these bacteria was more sensitive
to radiation at an increased temperature /ll/ and whether or not ultra-
violet irradiation altered the catalase content /12/.
3. Experimental methods.
The cells which were used in this research were Rh rubrum , Rh spher-
oldes (wild type), and a blue-green mutant of Rh spheroides . The Rh ru-
brum and Rh spheroides were of strains S-l and 2.4.1, respectively,
from the collection of Professor C. B. van NIEL. The blue-green mutant
was of strain UV-33 which was isolated from strain 2.4.1 by Professor
R. Y. STANIER and his associates at the University of California.
Rh rubrum and Rh spheroides (wild type), when grown anaerobically

in light, contained both bacteriochlorophyll and carotenoids. Grown
aerobically in darkness, both contained little or no pigments. The blue-
green mutant of Rh spheroides
?
grown anaerobical ly in light, had bacterio-
chlorophyll but no carotenoid pigment.
Stock cultures of Rh rubrum and Rh spheroides (wild type) were main-
tained in illuminated stab cultures in medium "A" (see Appendix II) at a
temperature of 28 deg. cent. These were transferred bimonthly. Cultures
of the blue-green mutant required special procedures due to frequent
spontaneous back mutations to the wild type. Anaerobic liquid suspensions
of each strain were maintained at 28 deg. cent, in illuminated 50 ml. or
125 ml. florence flasks filled to the neck with medium "H" (see Appendix
II) and plugged with cotton. Anaerobic cultures for use in experiments
were grown in this manner from a few drops of mature culture for 48 to
72 hours. Aerobic cultures for experiments were grown for 48 hours in
1000 ml. cotton-plugged erlenrayer flasks containing 50 ml. of medium "H".
These were started from a few drops of mature anaerobic culture and were
incubated in darkness on a rotary shaker.
In a typical experiment, the bacteria from two or three flasks were
centrifuged at about 5000 r.p.m. (1 min. for Rh rubrum ; 10 min. for Rh
spheroides )and washed in a solution of 1 ml. "PN", 1 ml. "CM", and 100 ml.
H_0 (see Appendix II). At this point the density, in mg. dry weight per
ml. of suspension, was measured; and the total mass of bacteria was cal-
culated; whereupon, the suspension was re-centrifuged and brought up to




The density was determined by measurement of light transmission
through the suspension with a Klett-Sommerson Photoelectric Colorimeter

which was calibrated for each of the five types of bacteria (see Appen-
dix III). Eight 2 ml. samples of the "PN" and "CM" solution containing
1.65 mg. of bacteria per mL of solution were placed in the main com-
partments of quartz flasks which were made for use with a standard
WARBURG-BARCROFT /1.3/ constant volume manometric apparatus. Into one
side-arm of each flask was placed 0.2 ml. of 0.25 M. sodium malate, pH 6.8.
Immediately before attaching the flask to the manometer, 0.05 ml. of 0.03 M.
sodium bicarbonate was added to the main compartment . To a few such
flasks, traces of catalase, glutathione, cystine, or homo-cysteine were
added in the main compartment. The final bacteria density, after the
malate was tipped into the main compartment later in the experiment, was
approximately 1.5 mg. per ml.
Two of the prepared flasks were tipped to mix malate and were then
set aside in darkness for an hour's rest before irradiation. This was
to allow depletion of the oxygen supply within the suspension. The re-
mainder were placed in the darkened WARBURG apparatus where they were
agitated in a water bath at a temperature of 31 deg. cent. After tempera-
ture equilibrium was reached, the manometers were closed; and in turn the
vessels were removed, tipped, irradiated with various doses of ultraviolet,
and returned to the WARBURG apparatus for approximately two hours of ob-
servation. ~
The samples were irradiated by placing the quartz flasks containing
bacteria over openings in a metal box lined with mirrors and containing
a bank of three low-pressure, mercury vapor, germicidal, ultraviolet
lamps rated at 15 watts each. The principle emission wave length was
253.7 m/u.
Radiation damage suffered by the cells was examined through its ef-
fect upon their respiration in darkness at a temperature of 31 deg. cent.

Oxygen uptake minus carbon dioxide evolution was determined by manometric
methods to be described. Observation in this manner is possible, where
the medium contains sodium malate and sodium bicarbonate, because most
of the carbon dioxide evolved is bound into the liquid phase by the
alkali which is released in the oxidation of sodium malate. The net de-
crease in gas phase approximates the oxygen used in exogenous metabolism
(CLAYTON, verbal communication). A few measurements were made with cells
suspended in 0.02 M. potassium di-H orthophosphate plus sodium mono-H
orthophosphate, pH 7.5, and with starch-free filter paper soaked in 0.4 ml.
of 5 N. potassium hydroxide placed in a side-arm. The alkali took up all
carbon dioxide so that the change in gas phase was precisely the total
oxygen uptake.
Rate of oxygen consumption was determined as a function of the rate
of manometer fluid height -change, and the rate for dosed bacteria was
referred to the rate for undosed. Dosed and undosed rates were measured
simultaneously. From smooth curves of these results, the data were taken
for graphs of dosed rate divided by undosed rate versus time since start
of irradiation. Sample graphs are shown in Fig. 1 and Fig. 2.
Computations took the following form:
(0
2
) = K dh where: dh = rate of manometer fluid
m dt (hr.) dt (hr.) height -change per hr.,
= 6OK dh dh = manometer change per
pv dt (min.) dt (rain) min.,
p - bacteria density,
v = volume of bacteria.
Vessel constants, K, for the WARBURG apparatus were obtained for
carbon dioxide and nitrogen as described in Appendix III. Constants ob-
tained with nitrogen represent the behavior of oxygen within experimental
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in most experiments, both oxygen and carbon dioxide were present; and the
computations were such that those calibration errors which were common
to all vessels essentially cancelled out; therefore, the average of the
constants for nitrogen and carbon dioxide were used. The validity of
this procedure is apparent if the final results are visualized in the
following form:
Qrn x (dosed)KU2' = K (dosed) x dh/dt (dosed)
Q /A . , jn K (undosed) dh/dt (undosed)(0
? )
(undosed)
where pv (dosed) = pv (undosed).
Two samples of bacteria, one heavily irradiated and one undosed,
were assayed for catalase content at the end of each experiment. The
method of EULER and JOSEPHON /14/ as modified by CLAYTON (verbal) was
used. Basically, the catalatic reaction is:
2H 0. catalase, 21U0 +
Thus, a known amount of hydrogen peroxide is added to a sample containing
an unknown amount of catalase. The residual hydrogen peroxide is assayed,
after a period of exposure to catalase, by titrating with potassium per-
manganate. The overall equation for this titration is:
5Ho o + 2KMno. + 3H oS0 . >2MnSo, + 8Ho + 50 o + K_S0.
.
22 424 42 224
Specifically, the contents (approximately 2 ml.) of the WARBURG
vessels from the sample that had been irradiated for twelve minutes and
the non-irradiated sample were centrifuged; and the supernatant liquid was
then poured off. The cells were then washed with 10 ml. of 0.05 M. phos-
phate buffer, pH 6.8, centrifuged, and the supernatant liquid again poured
off. The cells were resuspended in 3.5 ml. of 0.05 M. phosphate buffer,
pH 6.8. At time zero, 3.5 ml. of 0.1 M. H-0- were added to the cells.
One-ml
.
samples of this mixture were added to 4 ml. of 0.5 N. H-SO, at

times 0, 1, 2, 5, and 10 minutes. These samples were centrifuged and
the supernatant liquid was titrated with 0.01 M, potassium permanganate.
Although this assay is easy to perform there are three disadvantages.
First, the adsorption of the catalase to the glass surfaces of the vessel
plays an unpredictable role in the extremely high dilutions of catalase
used (less than In g, of catalase in 50 ml.) /10/; next, the results were
not reproducible in that the fluctuations of the potassium permanganate
titration were large; and, finally, the side reactions are of an unknown
nature, e.g. it is not known how the H SO , acting on the cell membrane,
may release organic compounds into the medium and how these might de-
colorize the KMnO, and therefore produce erroneous results.
Certain deviations from the typical procedures just described will
be mentioned in the section on results.
For measurements of absorption spectra, the bacteria were suspended
in three-fourths saturated sucrose solution in order to minimize the




The absorption spectra which were obtained by Dr. CLAYTON (un-
published) are shown in Figs. 3, 4, 5, 6, and 7. In the region of max-
imum ultraviolet emission (253.7 nyy. ) there is little difference in
absorption between the two types of Rh rubrum or between the three types
of Rh spheroides ; however, Rh rubrum absorbs about 1.2 times as much
energy as does Rh spheroides . It is noted that dark-grown spheroides
(wild type) show a bacteriochlorophyll peak at the wave length (875 myu.
)






























































































Little correlation between effect and pigment content is evident
from the results summarized in Figs. 8 and 9. The respiration of the five
bacteria types at both 75 min. and 120 min. after start of irradiation
is expressed as a function of dose in the form of the ratio of Q (dosed)
2
to Q (undosed). Of interest is the relatively constant activity of Rh
rubrum with respect to time and the decline in Rh spheroides activity.
The blue-green mutant showed the greatest delayed killing. Exceptional
cases were anaerobic Rh rubrum and aerobic Rh spheroides with 12 min.
doses. Aerobic Rh rubrum exhibited an anomalous effect in that the sample
dosed for six minutes was more active than the sample dosed for three
minutes.
Oxygen effect:
The participation of atmospheric oxygen in the effects of ultra-
violet irradiation is indicated in Fig. 10. This effect is represented
as a function of time for the various bacteria in the ratio of Q for
°2
rested cells (cells which had had an hour to deplete their sub-surface
oxygen) to Q for the well-mixed cells, where rested and mixed cells re-
°2
ceived identical doses. The tine axis represents time since starting ir-
radiation.
All types except the blue-green mutant and the six-minute-dosed
sample of aerobic Rh rubrum demonstrated that oxygen depletion afforded
some protection. The blue-green mutant experiment involved a departure
from standard procedure in that the rested cells had malate mixed after
irradiation instead of before resting.
Protective substances:
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of any one of the following agents: \ mg. of catalase, 10^ moles of
glutathione, 10l< moles of cystine, or lOu moles of homocysteine. No
comparison can be made between the protectors because no two were used
with identical cells. Fig. 11 expresses these results as a function of
time. The ordinate of this graph is the function,
Q (exposed 9 min. with protector) Q (unexposed, sans protector)
2 x °2
Q (unexposed, with protector) Qn (exposed 9 min., sans protector)
°2 2
Visible light irradiation:
Two samples of the blue-green mutant were irradiated for three
and six minutes respectively. Two other samples were given identical
doses except that the incident radiation was filtered through sheets of
glass which transmitted the visible light only. Inactivation resulted from
the ultraviolet; but, within limits of experimental accuracy, there was no
evidence of killing by visible light.
Endogenous respiration:
In anticipation of stimulation by small doses (see discussion),
anaerobically grown Rh rubrum were starved for two days in medium H
(see Appendix II) and irradiated with various doses ranging from 2 min. to
6 min. after suspending as follows: four samples were suspended in 0.02 M.
phosphate buffer of pH 7.6 and enclosed in manometric flasks containing
alkali-saturated filter paper in the side arms for carbon dioxide absorp-
tion; and three samples were suspended in bicarbonate with no alkali. No
stimulation of respiration was apparent.
Photosynthesis:
Anaerobically grown Rh rubrum were observed manometrically dur-






























the assembled WARBURG flasks with 1 lit. of a mixture of 957. nitrogen
(which had been passed through a copper furnace for removal of Qxygen)
and 57. carbon dioxide. No reliable results were obtained due to unex-
plained killing of the undosed bacteria. However, relative response be-
tween samples suggested that an oxygen effect was present and that ultra-
violet radiation might have a combined stimulating (at low doses) and
deactivating effect.
Catalase:
The permanganate titrations indicated no gross differences in
catalase content of the cells. Catalase content was diminished by ir-
radiation but was not appreciably affected by post-irradiation tempera-
ture within the range from 31 deg. cent, to 37 deg. cent. The permangan-
ate curves were roughly exponential.
5. Discussion.
The results are considered adequate for guidance of further study,
but not sufficient to form the basis of firm conclusions. Limitations
of time and difficulty in establishing environmental conditions that were
favorable to consistent cell growth were the major limiting factors.
The titration curves obtained in the catalase assay, being roughly
exponential, indicated that hydrogen peroxide serves both as substrate
and as acceptor. This involves the relation,
2H_0 + catalase > 2H2°2 ' catalase ^ 2H9° + °? + catalase »
it
inactive HO . catalase
wherein excessive hydrogen peroxide leads, through the mass-action principle,
to the binding of most of the catalase in an inactive substrate-enzyme
complex. The assays for this enzyme reveal that differences in radio-
sensitivity were not due to gross differences in catalase content.
22

The anomalous behavior of aerobically grown Rh rubrum , wherein the
six-minute-dosed sample was more active than the three-minute-dosed sample,
may have been the result of experimental error; however, it is thought
possible that this was an example of stimulation of metabolism by moderate
irradiation. Such stimulation was reported by GIESE and SWANSON /15/
and later by BEACH lit/ . The supposed mechanism is either the breakdown
of intracellular carbon reserves, making them available for nourishment,
or else the breakdown of intracellular permeability barriers. This phenom-
enon was not confirmed in the "endogenous metabolism" experiment.
No conclusive evidence for or against protection from ultraviolet
irradiation by pigments was found; although it seems clear that if such
protection does occur, it is of small magnitude. There is evidence, as
pointed out by ZELL /111 , that absorption of ultraviolet quanta in nucleo-
protein molecules is the initial step in inactivation. In view of these
factors and the elimination of visible light effects in the present re-
search, it appears that whatever photodynamic or photochemical action is
caused by visible light and protected against by carotenoids either does
not occur as a result of protein-absorbed energy or else the effect of
carotenoids is insignificant in comparison to other effects.
The presence in the blue-green mutant of bacteriochlorophyll, which
absorbs in the infrared region and also between 360 and 400 m«^. , could
hardly be responsible for that mutant's high sensitivity. This conclusion
was supported by the lack of damage observed when samples of the mutant
were irradiated through a thin glass plate which allowed absorption in
the cells at the bacteriochlorophyll maximum of 380 hiu • The greater sen-
sitivity of the blue-green mutant plus its declining activity after ir-
radiation is suggestive of some physiological deficiency which was absent
in other cells. Possibly other cells were retarded by destruction of
23

some rate-limiting enzyme, whereas the blue-green mutant (and to some
extent the wild type Rh spheroides ) was damaged also in its source of
supply of a rate-limiting enzyme. Another conceivable cause of delayed
effects would be the presence of relatively long-lived peroxides. Or-
ganic peroxides, according to ERRERA /18/, are not susceptible to the
action of catalase.
The evidence of Fig. 3 implies that oxygen did participate in ultra-
violet killing except in the cases of blue-green mutant and one sample of
Rh rubrum . In the latter case the low ratio of Qn (irradiated under an-U
2
aerobic conditions) to Q (irradiated in the presence of dissolved oxygen)
is probably due to the anomalous value of the denominator term which was
discussed in paragraph three of this section.
BELLAMY /17/ has pointed out that protective agents are effective
against indirect action only. The observed protection both by chemical
agents and by oxygen-starvation was evidence that indirect action was
involved in these experiments. In particular, the protection by catalase
indicates that hydrogen peroxide was involved.
6. Suggestions.
If further pursuit of this study is undertaken, the following refine-
ments seem in order:
a. to investigate further the effects upon cell behavior of environ-
mental factors such as media and the time of addition of nutrient to cell
suspensions;
b. to prepare enough ultraviolet sources so that all samples used in
an experiment can be irradiated simultaneously;
c. to investigate further the effects of radiation upon photosynthesiz-
ing bacteria of various types; and






RHODOSPIRILLUM RUBRUM AND RHODOPSEUDOMONAS SPHEROIDES
Rhodosplrilluro rubrum and Rhodopseudomonas spheroides are non-sulfur
purple bacteria (family Athiorhodacaea) . These organisms can metabolize
aerobically in darkness by respiration or anaerobically in light by photo-
synthesis. Current ideas of the metabolism of these photosynthetic bacteria,
as developed largely by van NIEL /19/ and amplified by CLAYTON /20/ are
quite complex, but are indicated by the following simplified scheme:
Carbon dioxide is reduced to form cell materials (denoted loosely here
by CH 0) in both respiration and photosynthesis. In respiration, an ex-
ternal hydrogen donor (any of a number of organic acids, alcohols, and
sugars denoted here by H_A) is the reducing agent for carbon dioxide and
provides energy for the reduction by combining also with oxygen. The over-



















These processes involve the KREBS cycle and intermediary cytochromes and
dehydrogenases. Cells respire endogenously (use cell materials as hydrogen
donors) in the absence of external hydrogen donors. In fact, endogenous
metabolism has been observed to be present in Rh rubrum except when exo-
genous metabolism was proceeding vigorously /20/
.
In photosynthesis, light energy is thought to effect a cleavage of
water into a reducing fragment, designated by (H), and an oxidizing frag-
ment, denoted by (OH). The reducing fragment reduces the carbon dioxide
to cell materials while the oxidizing fragment is removed by oxidation of
25

a substrate. The simplified equations are:
hl> + H
2
^ (OH) + (H),
(OH) +iH
2








Purple bacteria lack the chlorop lasts found in plants /5/, but have
well defined pigment -containing structures, "chromatophores" or "grana,"
of diameter from approximately 30 nyuto 60 mix. /Ill . Each cell of Rh rubrum
contains about 5000 such particles in which both chlorophyllous and
carotenoid pigments are concentrated as protein conjugates. The former
is a magnesium porphyrin 1221 % commonly called bacteriochlorophyll, which
is identical in all purple bacteria; but the carotenoids differ from species
to species /5/.
Kinetic studies /23/ have shown that, even during photosynthetic growth,
the manufacture of photosynthetic pigments by Rh rubrum and Rh spheroides
can occur in the absence of cellular growth; and vice versa. It is also
evident that the synthesis of bacteriochlorophyll and carotenoids are
broadly coupled. Under anaerobic conditions, the cell responds to an
increase or decrease of light intensity (of sufficient magnitude) by
temporarily suppressing or accelerating (respectively) the rate of pig-
ment synthesis. On the other hand, pigment synthesis is permanently and
almost completely suppressed at atmospheric oxygen tension, only carotenoid
manufacture continuing at an extremely low rate.
CLAYTON 111 has pointed out that,
at least 957. of the carotenoid group in Rh rubrum consists of
spirilloxanthin (POLGAR, van NIEL, a. ZECHMEISTER) /24/, a red
pigment whose absorption maxima lie approximately at 550, 510,
and 480 m/u. in intact cells. The maxima of the scarcer carot-
enoids, occurring in the blue-green, do not appear in the
absorption spectra of the intact cells, being masked by the




Grown photosynthetically, these bacteria have a red color; but grown in
darkness, they are almost colorless.
The wild type of Rh spheroides is reported by STANIER /25/ and his
associates to vary in color from brown to bright red, depending on the
ratio between its two carotenoids, one yellow and one red, which de-
pends upon the conditions of cultivation. Grown in darkness, these
cells are almost colorless. In addition to its suppression of pigment
synthesis in Rh spheroides , wild type, oxygen causes an increase in the
ratio of red to yellow carotenoids.
The blue-green mutant of Rh spheroides , isolated by STANIER /25/
and his associates, contained bacteriochlorophyll and its degradation
products, but had no colored carotenoids. A single absorption peak at
280 rn^vwas due to an unidentified substance which apparently was not
carotenoid. Large amounts of colorless non-fluorescent substance with
strong absorption in the ultraviolet was believed to be phytoene, a C,
n
polyene. No phytoene was found in the wild type. Photosynthetically






Tap water from Hopkins Marine Station, Pacific Grove, California
Casamino ac ids 0.2%
Yeast extract 0.37.
Agar 1 . 5%
MEDIUM "H" (Modified Hutner's Medium /23,26/)
1. Stock Solutions
a. Potassium phosphate, pH 6.8 -. 1.0 M.
b. Ammonium DL-malate, pH 6.8 1.0 M.
c. Concentrated Base per liter:





















Nicotinic acid 50.0 mg.
Thiamin-HCl 25.0 mg.
Biotin L 0.5 mg.
Metals M44" 50.0 ml.
Dissolve NTA separately, neutralize with KOH (about 7.3 g.),
add the rest of the ingredients, and adjust to pH 6.6-6.8 before
making to volume.
d. Metals "44" per 100 ml.:





1095.0 rag. (250 Mg. Zn)
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FeSO -7H 500.0 mg (100 rag Fe)
MnSO,.H
2


















17.7 mg (2 mg B)
H-SO, , add a few drops to retard precipitation.
2. For each liter of complete medium, take 20 ml. each of solutions a,
b, and c, make to 1 lit. with distilled water; and add 1.0 g. of casein
hydrolysate. The precipitate which forms during autoclaving will re-
dissolve upon cooling.
3. Final pH... 6.8-7.2.
4. The casein hydrolysate may be replaced by a mixture of 0.17o L-glutamic
acid and 0.1% sodium acetate* 3H 0.
5. If the medium becomes alkaline during growth, magnesium ammonium
phosphate is deposited. This may be prevented by aerating with a gas
mixture containing 5% C0_ or by reducing the ammonium concentration from
0.04 M. to around 0.01 M.
6. One half gram of yeast extract per liter of solution was added to some
of the medium "H" that was used in this research in order to correct for
growth failure which was thought to be due to biotin depletion (CLAYTON,
verbal).
MEDIUM "Ho"
Medium "H" less malate and casamino acids.
"PN"
KH-PO. + Na.HPO. pH 6.8, 0.5 M.
2 4 2 4
(NH












The KLETT-SUMMERSON Photoelectric Colorimeter was calibrated to show
the density of bacteria suspensions in mg. dry weight per ml. of solution.
Separate calibrations were made for each type of bacteria used.
The procedure was to centrifuge two or three flasks of culture three
times, taking them up twice in 100 ml. of water and the third time in
15 ml. of water. Two 2.ml. samples of this were placed on weighted plan-
chets to dry, reach equilibrium with the atmosphere, and be weighed. A
colorimeter reading was made with 10 ml. of the remaining suspension.
Successive 3 ml. quantities were removed from the 10 ml. and replaced by
water, a reading being made for each concentration obtained. From the
weight of the 2 ml. samples on planchets, the density of each concentra-
tion was computed and graphed versus colorimeter reading.
Flask constants for the WARBURG-BARCROFT /13/ apparatus were obtained
by observation of manometer change when known quantities of gas were
evolved within the flasks after they had reached temperature equilibrium
in the water bath. The gas was evolved upon mixing of chemicals which
had been placed in separate compartments. The volume of liquid in each
flask was 2.2 ml., equal to the volume of bacteria suspension to be used
in experiments. Variations in temperature and atmospheric pressure were
corrected for by comparing manometer readings with readings from the
thermal barometer, a control flask containing only water and air.
The flask constants were computed in the following manner;
K = (22.4^1it. peryx mole) n where: K = vessel constant in/x lit.
Ah per div.
;
n = jj, moles of gas liberated,
&h = change in manometer reading.
For operation at temperatures other than the calibration temperature, K
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was corrected by the relation:
K = -0.0067(At), where t = temperature in deg. cent.









+ 2KI + 3N
2
Two and one tenth ml. of saturated hydrozine sulfate in 207. sodium
hydrozide plus 0.1 ml. of 0.050 M. potassium iodate evolved 7.5iumoles
of nitrogen.











Two ml. of 0.1 N. sulfuric acid plus 0.2 ml. of 0.05 M. sodium bi-
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